The reactivity of groups lying in close proximity of a crown-ether moiety where a metal ion is hosted, has been investigated in model systems. We have found that methyl transfer and acyl transfer reactions are greatly accelerated by alkali and alkaline-earth metal ions. Rate enhancements in the order of 102-103 are commonly observed, but exceptionally high values in the order of 105-107 are also found in some cases, which correspond to transition state stabilizations of some 7-1 0 kcal/mol.
methoxyl oxygen ( Fig. 1) is responsible for a much stronger binding of the metal electrophile to the altered substrate in the transition state than to the unaltered substrate in the reactant state. In other words, the transition state binds metal ions much more strongly than the neutral substrate by virtue of the simple principle that a negatively charged ligand is more effective than a neutral ligand with similar structure (ref. 7).
Acyl transfer reactions
Transfer to methoxide ion of the acetyl group of a series of crown ether aryl acetates ranging from 2-Ac0-15C4 to 2-Ac0-27C8 (eq 2) is accelerated by alkali and alkaline-earth metal ions (ref 8).
MeOH, 25 "C CH3C02Ar + CH3O-
Maximum observed accelerations range from 2 to 20 with the alkali ions and from 2 to 3 orders of magnitude with the alkaline-earth metal ions. On account of their inherent simplicity, these reactions lent themselves to an extensive investigation from which the strength of interaction of metal ions with reactants and transition states was careklly measured. Acetyl transfer reactions were carried out by reacting very dilute (ca. 0.1 mM) substrate solutions with excess MeqNOMe (1-10 mM) either in the absence or presence of metal bromides over a wide concentration range. For each substrate a series of rate profiles n n = = 2 3 2-AcO-15C4 2-Ac0-18C5
(Q c OAc O J 0 n = 4 2-Ac0-21C6 n = 5 2-Ac0-24C7 n = 6 2-Ac0-27C0 / \ was obtained. The data for the alkali metal reactions were well fitted by eq 3, which is a binding isotherm for the case of 1 : 1 stoichiometry where kobsd is the second order rate constant measured in the presence of added salt, and ko refers to reactions run in the presence of tetraalkylammonium ion as the sole counterion. The quantities KS and KT# are defined by eq 4 and 5, respectively, where S denotes
KS the crown ether substrate, T# is the transition state of the uncatalyzed path, whereas the metal ion assisted path proceeds through a transition state having the composition T#M+. Equation 3 can be written in the equivalent form of eq 6 where kcat is the second order rate constant for reaction of methoxide ion with the substrate filly saturated by the metal ion. The results of the treatment of rate data by means of eq. 3 (6) are summarized in Table 2 . It is apparent that in all cases metal ions bind to transition states more strongly than to reactants, which is tantamount to saying that metal ions are rate enhancing in all of the reactions investigated. The data are filly consistent with the idea that transition state stabilization by metal ions occurs through cooperation of electrostatic binding to the negative charge being transferred from the incoming nucleophile and coordinative binding to the crown ether bridge. When the bridge is absent as in phenyl acetate (ref Sa), or when the bridge is replaced by short side arms to give 1, electrostatic binding is hardly appreciable. As for the important question of differential binding of metal ions to transition and reactant state, there is a definite tendency for KT# to increase on increasing Ks, which is not really surprising as the altered substrate in the transition state resembles in some way the unaltered substrate in the reactant state. But a plot of log KT# verms log KS (Fig. 2) ..-aMaximum observed rate enhancing effects in the 2.7 2.7 investigated concentration range. Whenever a rate maximum is absent, the data refer to 0.1 M added salt.
2.5
Treatment of rate data obtained in the presence of barium and strontium bromides required an appropriate binomial accounting for association of the metal ion with methoxide ion to be included in the denominator of eq 1 to give eq 7. The latter fits remarkably well all of the kinetic data.
The much greater catalytic power of the divalent as compared with the monovalent metals is not only due to a much larger electrostatic stabilization of the transition state, but also to a better utilization in catalysis of the binding energy due to coordinative interactions with the polyether bridges, as shown by the equilibrium parameters listed in Table 3 .
In order to widen the scope of our investigations of metal ion effects on transacylation reactions, a series of new crown-ether like macrocyclic compounds (2) containing the 2,6-dibenzyl-4-nitrophenyl acetate substructure have been synthesized (ref. 9).
These macrocyclic compounds may be regarded as possessing a section of a 1,3-crowned calix [4] arene. At first the results were highly disappointing, as small rate enhancements due to barium and strontium ions were measured in MeOH solution. But later on transacylations were carried out in EtOH solution, where remarkably high catalytic factors and novel kinetic features were observed (ref 9). In the MeO-MeOH base-solvent system used in previous studies association of barium and strontium ions with MeO-was far from being complete and had to be taken into account in the kinetic treatment. In the EtO-EtOH basesolvent system, on the other hand, evidence was obtained that the ethoxide ion is completely bound to the divalent metal, as shown in eq 8. This led to a much simpler kinetic treatment, as the metal-bound ethoxide
species can be treated kinetically as a single species, as shown in eq 9.
Rate data were obtained for the ring compounds 2 a-d and for the open chain model p-nitrophenyl acetate pNPOAc and 3 a,b (Table 4) . It is apparent that the divalent metals are rate-enhancing in all of the studied reactions, but more favourable situations are found in the more flexible macrocycles & and a, as well as in the open-chain analogue a. These data point once more to the importance of a polyether chain which is available for complexation with the metal ion, and pose the question of why the divalent metals are more efficient in EtOH than in MeOH. To give an answer to the latter question, acyl transfer reactions of 2-Ac0-15C4, 2-Ac0-18C5, and 2-Ac0-21C6 were reinvestigated in EtO-EtOH (ref 10). The conclusion was reached that both electrostatic binding and coordinative binding in the metal bound transition state are much more efficient in ethanol than in methanol solution. The rate data listed in the lower part of Table 4 clearly reveal dramatic accelerations by metal ions, the largest accel&ation being displayed by 2-Ac0-21C6, which reacts with EtOBaBr 500,000 times faster than with EtONMeq. 
